The use of an inoculum preserved at low temperature for the infection of guinea pigs by the respiratory route was evaluated. In a preliminary study with Mycobacterium bovis (BCG), some of the conditions required for maximal recovery of viable cells stored at low temperature were examined. Survival of BCG was decreased by rapid freezing to -70 C and by storage at -20 C, but there was no decrease when BCG was frozen slowly and stored at -70 C or -196 C. In a subsequent study, the effect of storage at -70 C on viability and infectivity of M. tuberculosis (H37Rv) was considered. There was no loss of viability of H37Rv cells suspended in Dubos broth and stored 1 year at -70 C. This suspension showed no loss of infectivity as assessed by the number of primary pulmonary lesions initiated in guinea pigs. Constant viability and infectivity of a suspension stored at low temperature assures the reproducibility of the amount of infection and facilitates comparisons between experiments. This advantage, as well as others, of storage at low temperature are discussed.
In experiments in which host response is critically dependent upon the level of infection of animals, a technique that will produce a precise level of infection is essential. Photometric, nephelometric, and gravimetric methods are not satisfactory for this purpose, because they estimate only the number of particles in a suspension without providing information on their viability. Glover (3) suggested preservation of mycobacterial inocula at low temperature when animals are to be inoculated with a small number of bacilli with maximal reproducibility. Storage at low temperature is frequently employed for preserving microorganisms used in microbiological assay (8, (12) (13) (14) .
This paper describes an investigation designed to evaluate the use of an inoculum preserved at low temperature for the infection of guinea pigs by the respiratory route. A preliminary study with Mycobacterium bovis (BCG) was directed toward an examination of some of the conditions required for maintaining maximal viability of cells stored at low temperatures. A later study considered the effect of storage at -70 C on viability and infectivity of M. tuberculosis (H37Rv) MATERIALS AND METHODS M. tuberculosis (H37Rv; obtained from the Trudeau Institute, Saranac Lake, N.Y.) and M. bovis (BCG; obtained from the Tice Laboratories, Chicago, 111.) were maintained as surface pellicles on Sauton medium. Cells were prepared for storage as follows: a loopful of a 7-to 10-day-old pellicle was transferred to 5 ml of Dubos Broth (Difco) and was homogenized with a Teflon-glass homogenizer; 0.2 ml of the resulting suspension was then inoculated into 10 ml of Dubos Broth in 3-oz (ca. 90-ml) prescription bottles. After incubation at 37 C, four cultures were combined and centrifuged at 700 X g for 20 min. The cells were washed twice with Dubos Broth and resuspended in a volume of broth equal to that of the combined original cultures. These cells were dispersed with a Teflon-glass homogenizer and were filtered through a membrane filter (Millipore Corp To examine this possibility, suspensions stored from 2 to 11 months were thawed quickly for infection of guinea pigs under conditions described previously (7) . At each interval, groups of 5 to 20 guinea pigs were infected by the respiratory route with the undiluted suspension or with a suspension diluted 5-or 10-fold in Dubos Broth. The amount of infection was determined 5 weeks after exposure by counting primary pulmonary lesions found on the surface of the lungs at autopsy (7) . Results (Table 3) indicate that infectivity of the suspension was constant during the period of the study. The mean numbers of primary pulmonary lesions developing in two groups of guinea pigs infected with undiluted suspension were 50 and 55. The mean number of lesions developing in one group infected with a 5-fold dilution was 11, and, for two groups exposed to a 10-fold dilution, the mean numbers of lesions were 5 and 8. The values in the last column in Table 3 were obtained by dividing the number of bacilli per milliliter of nebulizer fluid by the number of lesions that resulted. The data indicate that one lesion develops for each 5,000 to 7,000 organisms present in the nebulizer. (1) found that 93.9% of Staphylococcus aureus survived the same fast-freeze, fast-thaw procedure which reduced the viability of Achromobacter fischeri to less than 0.1 %. Species of microorganisms differ also in the conditions required for survival of a maximal number of cells. Important relationships between the rates of freezing and thawing and the suspending fluid have been pointed out (1, 6) . For example, survival of a Pseudomonas sp. ranged from 4.7 to 82%, depending upon the conditions used (1).
The protective action of glycerol is quite general, permitting freezing and thawing of some microorganisms with nearly 100% survival. When glycerol is used, the rates of freezing and thawing become less critical (1 Lovelock (5) suggests that this harmful concentration of electrolytes is averted by glycerol, which binds substantial proportions of cell water and prevents its freezing. Further study on the need for additives or the rate of freezing in relation to viability appeared unnecessary, because washed BCG cells suspended in Dubos Broth, frozen slowly and stored at -70 C or lower, resulted in nearly 100% survival.
Storage at low temperatures alters the subsequent growth of some microorganisms (9, 12 
